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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject supermolecule assembly having a polyrotaxane 
skeleton usable by the microtechnique, and drivable in response to minute environmental change or 
excitation, such as a micromachine or microsensor to be used in vivo, etc. 

SOLUTION: This excitation-response type supermolecule assembly has such scheme that bulky terminal 
sites are respectively introduced onto both ends of a hydrophilic-hydrophobic straight-chain polymer 
penetrated through the cavity of cyclic compounds, and there is molecular structure as skeleton capable 
of manifesting molecular piston function or sensor function through controlling the hydrogen bond 
disposition between the cyclic compounds and reversible movement along the straight-chain polymer the 
polyrotaxane skeleton, which consists of a block copolymer composed of many /? -cyclodextrins, 
poly(propylene glycol) and poly( ethylene glycol), acquires microdriving force, being useful as one of a 
variety of micromachine elements; besides, the polyrotaxane can be metabolized and absorbed in vivo by 
the decomposition of its terminal groups in vivo, therefore, being useful as a medical micromachine and 
also useful as a microsensor owing to its sensitive excitation-response function. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the both ends of the hydrophilic-hydrophobic straight chain-like macromolecule which 
penetrated the cavity of a ring compound — ** — the stimulus response mold supermolecule aggregate 
characterized by making into a frame the molecular structure which discovers a molecule piston function 
thru/or a sensor function by reversible migration which met the straight chain-like macromolecule by 
having introduced at least the high end and controlling the hydrogen bond nature between ring compounds. 

[Claim 2] a ring compound — the inside of the body — a disease — specific or the stimulus response 
mold supermolecule aggregate according to claim 1 embellished by the stimulus responsibility functional 
group which answers the stimulus by which external induction was carried out. 

[Claim 3] The stimulus response mold supermolecule aggregate according to claim 1 whose ring compound 
is beta- or gamma-cyclodextrin. 

[Claim 4] The stimulus response mold supermolecule aggregate according to claim 1 whose number 
average molecular weight a straight chain-like giant molecule is the block copolymer of Pori (ethylene 
glycol) of 200-10000, and Pori (propylene glycol). 

[Claim 5] The stimulus response mold supermolecule aggregate according to claim 1 with which the part 
(biodegradation nature part) decomposed into a straight chain-like, giant-molecule end in the living body, 
such as an oligopeptide chain or an oligosaccharide chain, is introduced. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which this invention belongs] This invention relates to the stimulus response mold 
supermolecule aggregate which has the poly rotaxane frame which answering minute environmental 
variations and stimuli, such as a micro machine, a sensor, etc. which are used in a body etc., and driving 
can use with the micro technique demanded. 
[0002] 

[Description of the Prior Art] There is a medical-application micro machine as one usage of the stimulus 
response mold supermolecule aggregate. Many of old micro machine designs only carried out micro 
processing of the structural material from the former, and it was premised on driving by the mechanical 
actuation for it However, in fact, by the dynamics response of such a structural material, since resistance 
by friction etc. is strong, implementability is scarce, and in the case of the medical-application micro 
machine aiming at use further in the living body, adsorption of biogenic substances, such as a cell and 
protein, etc. occurs, and rt is predicted as what cannot demonstrate a function. It was also impossible to 
also realize a medical-application micro machine with the conventional technique from this and to have 
designed the ingredient which makes it possible as a matter of fact In consideration of such a background, 
a design of the medical-application micro machine material which has a completely new drive function was 
desired strongly. 

[0003] On the other hand, although research of supermolecular chemistry, such as the poly rotaxane 
(Polyrotaxane) which the macromolecule chain penetrated to many ring compounds, is done briskly in 
recent years, there are no functionalization and application using the structural singularity of this 
supermolecule, and the design of the functional supermolecule aggregate is expected, the recently and this 
invention person etc. — multicomponent system macromolecules, such as the poly rotaxane and a mutual 
invasion polymer network, — using — composition of the polymeric materials which can be decomposed in 
the living body — carrying out — a new physic macromolecule design — a foundation — research has 
been promoted. The ring compound which consists of alpha-cyclodextrin (alpha-CD) was made to support 
a drug as that example, the biodegradation nature physic giant-molecule aggregate which introduced the 
phenylalanine which is an amino group into the end of the pseudo-poly rotaxane which penetrated the 
cavity of this ring compound with the straight chain-like giant molecule through peptide linkage was 
compounded, this end group was understood by the enzyme, and the physic gradual release agent which 
emitted the drug to the inside of the body with alpha-CD was proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention found out that the design of a completely new 
medical-application micro component was possible by using the reversible migration which met the 
linear-macromolecule chain of two or more ring compounds which can be set in a supermolecule (poly 
rotaxane) frame as micro driving force unlike the approach from the former which carries out micro 
processing of the existing ingredient, and controls a dynamics response, as a result of inquiring to 
acquisition of micro driving force in the living body in view of the trouble of the micro machine material 
from the former. 
[0005] 

[Means for Solving the Problem] the both ends of the hydrophilic-hydrophobic straight chain-like 
macromolecule with which the summary of this invention penetrated the cavity of a ring compound ** 
— it is the stimulus response mold supermolecule aggregate which makes a frame the molecular structure 
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which discovers a molecule piston function thru/or a sensor function by reversible migration which met 
the straight chain-like macromolecule by having introduced at least the high end and controlling the 
hydrogen bond nature between ring compounds. 

[0006] With namely, the stimulus response mold supermolecule aggregate of this invention It is embellished 
with a high functional group. ** to which the hydrophilic-hydrophobic straight chain-like macromolecule 
has penetrated the cavernous section of a ring compound, and the both ends of a hydrophilic-hydrophobic 
straight chain-like macromolecule avoid the desorption of a ring compound — It is the stimulus response 
mold supermolecule aggregate which it is combined by hydrogen bond nature or weak coupling, this 
association answers an external stimulus, and a ring compound moves reversibly along with a 
hydrophilic-hydrophobic straight chain-like macromolecule between ring compounds. In such the stimulus 
response moid supermolecule aggregate of this invention, the actuation which answered the external 
stimulus of supermolecule structure is used for micro driving force, or making it develop as a 
medical-application micro machine component or micro AKUCHIEETA is expected. Moreover, in order that 
this invention may react sensitively to an external stimulus, the use as various sensors is also expected. 
[0007] Structure where the straight chain-like macromolecule had" penetrated the cavernous section of a 
ring compound was already clarified by research (surface discourse meeting and colloid round-table 
conference 1994 year Vol.32No.2) of Dr. Harada of Osaka University, and it is pointed out that the 
following polymers can be penetrated. 

(1 ) In the case of alpha-cyclodextrin, in the case of polyethylene-glycol (2) beta-cyclodextrin, they are a 
polyethylene glycol, a polypropylene glycol, and a polyisobutylene in the case of a polyethylene glycol, a 
polypropylene glycol, and polyisobutylene (3) gamma-cyclodextrin. Polymethyl vinyl ether [0008] The 
stimulus response mold supermolecule aggregate concerning this invention has the structure in which the 
block copolymer of Pori (ethylene glycol) and Pori (propylene glycol) penetrated the cavity of the ring 
compound of beta- or gamma-cyclodextrin. As for the number average molecular weight of the block 
copolymer of the hydrophilic-hydrophobic straight chain-like giant molecule used by this invention, it is 
desirable 200-10000, and that the presentation of the Pori (propylene glycol) Brock unit in 400-5000, and 
a copolymer uses desirably a block copolymer which is 30 - 60% desirably 10 to 90%. As a desirable 
example of such a block copolymer, it is the triblock copolymer (for example, Pluronic P-84 made from 
Asahi Electrification, P-144 grade) which consists of Pori (propylene glycol) Brock-Pori (ethylene glycol) 
Brock, and — this invention — the both ends of a straight chain-like macromolecule — ** — at least the 
high end is introduced and it prevents that a ring compound ****s from a straight chain-like 
macromolecule by this. ** introduced at least into an end — as a high radical, it is 2-naphthylamine -6, 
8-disulfon acid mono-potassium salt, 2,4-dinitrophenyl radical, 3, and 6-dinitro benzoyl etc. moreover, the 
end of the supermolecule ring compound of this invention — the inside of the body — a disease — it is 
desirable specific or to be embellished by the stimulus responsibility functional group which answers the 
stimulus by which external induction was carried out. As a stimulus responsibility functional group, there is 
a spirobenzopyran radical of an optical functionality radical etc., for example. Furthermore, when the part 
(biodegradation nature part) which answers a disease and is decomposed into a straight chain-like 
macromolecule end in the living body is introduced, and it answered and decomposes into a disease in a 
body, and a ring compound is desorbed from a straight chain-like macromolecule, it is possible to also 
make it absorb and excrete in a body. In this case, as that biodegradation nature part, they are an 
oligopeptide chain or an oligosaccharide chain. 

[0009] making into a frame the molecular structure which discovers a molecule piston function thru/ or a 
sensor function by reversible migration which met the straight chain-like macromolecule in the stimulus 
response mold supermolecule aggregate concerning this invention The condition that beta-cyclodextrin 
(beta-CD) of a large number penetrated to the block copolymer of Pori (ethylene glycol) (PEG) which is a 
straight chain-like giant molecule, and Pori (propylene glycol) (PPG) gathered on the PPG chain by the 
intermolecular hydrogen bridge, When the hydrogen bond nature between beta-CD falls and beta-CD 
makes an extended state occur reversibly to the whole block-copolymer chain By the whole 
supermolecule aggregate's changing quickly with hydrophilic-hydrophobicity as a result, or making a 
straight chain-like macromolecule copolymer end group into biodegradation nature further, in a body, all 
beta-CD penetrated after use is emitted to an once term, and is absorbed and excreted by the inside of 
the body. Moreover, it is possible by introducing various kinds of stimulus responsibility radicals into 
beta-CD not only an intermolecular hydrogen bridge but to design the molecule piston function driven by 
the stimulus guided from the outside, such as a disease specific stimulus of temperature, pH, an enzyme, 
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etc. or light, a supersonic wave, and a radiation. 

[0010] That is, the hydrophilic-hydrophobic straight chain-like block copolymer has penetrated in 
beta-cyclodextrin (beta-CD) cavernous section of a large number which are ring compounds, and the 
piston function in a molecular level can be realized by controlling the reversible migration which met the 
copolymer chain of beta-CD. Furthermore, if both ends are made into bi ode gradation nature, beta-CD 
penetrated when the poly rotaxane end group decomposes in the living body is emitted, and the metabolic 
turnover in a body, and since it can be made to absorb, the use as a medical-application micro machine 
will also become possible. 
[0011] 

[Working Example(s) and Comparative Example(s)] 

Pluronic P-84 (Asahi Denka Kogyo make) which is the triblock copolymer which consists of example 1 use 
raw material (PEG) Brock-(PPG) Brock-(PEG) Brock was used. The average molecular weight (Mn) of 
Pluronic P-84 is 4200, and it is reported, respectively that (Mn, the two PPG(s), PEG and PPG) is 975 and 
2250. beta-cyclodextrin (beta-CDs) was purchased from the sigma chemistry of U.S. St. Louis. All the 
other chemicals were purchased from Wako Pure Chem, and they were used, without refining. 
[0012] The succinic anhydride (1.79g, 17.9mmol) was made to react in 110 degrees C in toluene (15.0ml) 
for 24 hours, and the carboxyl group was introduced into the block copolymer of the synthetic above of 
the poly rotaxane (3.0g, 0.710mmol) to both ends. The block copolymer which uses 
dicyclohexylcarbodiimide (1.41g, 6.83mmol) as a condensing agent, condenses the obtained carboxylation 
block copolymer with N-hydroxysuccinic acid imide (made in a peptide lab) (0.78g, 6.78mmol), and has 
N-succinimid ester end was manufactured. Next, it added agitating slowly obtained N-succinimid ester end 
block-copolymer water solution (0.4w% water solution) at a room temperature in a beta-CD water solution 
(0.01 9w% water solution), and white precipitate of a clathrate compound was obtained 6 hours after. Next, 
centrifugal separation of this was carried out, it was rinsed, and it dried in the vacuum, generation of 
N-succinimid ester end block copolymer and a clathrate compound — IR — and — It was checked by 1 
H-NMR analysis. 

[001 3] Composition of the poly rotaxane was performed by introducing 2-naphthylamine-6.8 disulfon acid 
mono-potassium salt (product made from the Kanto chemistry) for the both ends of a clathrate compound 
as a bulky end group. When the process was shown briefly, the above-mentioned clathrate compound 
(1.0g) was made to suspend in 1 and 3-dimethyl-2-imidazo RIDINON (3.0ml), and it was left [ be / it / 
under / mixed liquor / which adjusted the excessive amount (1.6g 4.69mmol) of 2-naphthylamine -6 and 
8-disulfon acid mono-potassium salt to PH7 underwater (2.0ml) / adding ] for 48 hours, agitating at a 
room temperature. Reaction mixture was put into underwater [ superfluous ] and rough precipitate of the 
poly rotaxane was obtained. In order to consider as an end product, warm water washed precipitate. The 
obtained poly rotaxane is IR. It measured by 1 H-NMR analysis. 10% of yield. 

IR(KBR): 3383(OH)2928(CH) 1629cm-1(CONH).1 H-NMR (DMSO-d6) : = [ 5.73 (M;02H of -CD), ] 5.68 
(m;03H of -CD) 4.83 (d;C1H of -CD), 4.47 (t;06H of -CD), 3.65-3.27 (m;C3H, C5H, C6H, C4H, C2H, of 
-CD, CH2 of PEG and PPG), 1.40-1.10 (m;CH3 of PPG), [0014] The thermal property of the poly rotaxane 
in the inside of the thermal property water suspension of the underwater poly rotaxane (0.2wt%) was 
performed using the spectrophotometer (V-550Jasco Co.) possessing a heat controller (EHC-441, Jasco 
Co.), and measured whenever [ light transmission ] in 500nm. 

[0015] In a measurement result and consideration ****, 2-naphthylamine 6 and 8-disulfon acid 
mono-potassium salt were introduced into the both ends of a clathrate compound as a bulky end group, 
and the broadcloth PPG [ beta-CD, and / PEG and PPG ] peak was checked in the end product from 1 
H-NMR analysis. In this result, beta-CDs and a block copolymer live together, and in a DMSO solution, 
that motion receives steric hindrance and is restricted. Thus, it has prevented that 2-naphthylamine 6 and 
8-disulfon acid mono-potassium salt are substantially introduced into a clathrate compound, and 
beta-CDs is desorbed from a block copolymer. From the result of 1 H-NMR analysis, the number of 
beta-CDs penetrated to the block copolymer in the poly rotaxane is presumed to be about 20. This is in 
agreement with the number of stoichiometrics of beta-CDs in a PPG chain (beta-CD is one to two 
propylene glycols). Thus, only beta-CDs gathers on the PPG segment of a block copolymer, and is 
considered to form a clathrate compound. 

[0016] The thermal property of the poly rotaxane was measured using water suspension. Drawing 1 shows 
change of the light transmittance of the poly rotaxane by temperature. When temperature rises from 5 
degrees C to 80 degrees C, permeability approaches to 1 00%. If temperature is furthermore again lowered 
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to 5 degrees C t permeability will return to 0%. This ** - The insoluble poly rotaxane change is repeatedly 
reproduced also to a temperature change as shown in drawing 1 . The responsibility over such 
temperature is looked at by only the poly rotaxane. In the case of the clathrate compound of beta-CDs 
and a block copolymer, although permeability will also rise if temperature rises as shown in drawing 2 , it 
does not reach to 100%. Although the solution of a block copolymer shows a cloudy point (data are not 
shown) in about 60-degree C point, the solution of 2-naphthylamine -6 which does not contain beta-CDs, 
and a 8-disulfon acid mono-potassium salt installation block copolymer does not show change of the 
permeability by temperature. Thus, the imperfect increment in the permeability in drawing 2 is explained as 
follows. 

[0017] That is, although beta-CDs is dissociated from a block copolymer in connection with a temperature 
rise and transmission is gathered, a temperature rise causes condensation of a block copolymer to 
coincidence by the hydrophobic interaction of a PPG segment, and transmission is reduced. This is a 
property which Pluronic has. Although only transmission will rise ( drawing 2 ) and a block copolymer will 
dissolve this thing again if temperature returns to 5 degrees C, it is shown that generation of the clathrate 
compound accompanying a temperature rise does not take place any longer. So, the result of drawing 1 
shows the structural description of the poly rotaxane. Set and distributed condition of beta-CDs of having 
met the block copolymer are reversibly controlled by temperature to be typically shown in drawing 3 . 
[0018] Drawing 4 summarizes the temperature dependence of the permeability of the poly rotaxane 
suspension. The phenomenon which permeability will increase if temperature rises is conspicuous in the 
range of 20-50 degrees C. It is thought that the hydrogen bond of the 1st class and the 2nd class 
hydroxyl group between adjoining beta-CDs is formed on the PPG segment in a block copolymer as driving 
force which gathers beta-CDs, and disappears in 50 degrees C or more. As contrast, as shown in drawing 
5 , the increment in permeability is gently observed in a clathrate compound. It is explained that the 
imperfect rise of this transmission is the combination of beta-CDs desorbed from the block copolymer and 
condensation of a block copolymer as already stated. Although permeability approaches to 100% gradually 
according to a temperature reduction in a clathrate compound (refer to drawing 5 ), it is admited that 
temperature falls and the decline in the permeability in the poly rotaxane becomes 20 degrees C or less ( 
drawing 4 ). As a result of being this etc., it is shown to set and distributed condition of beta-CDs of 
having met the block copolymer with which the poly rotaxane was blocked by the bulky end group that the 
poly rotaxane is reversibility. 

[0019] As shown in drawing 4 , the hysteresis phenomenon in permeability change is observed by the poly 
rotaxane. It is shown that this result has the poly rotaxane in a condition metastable (about 20-40 degrees 
C) in this temperature field, and it is shown that a set and distributed condition of beta-CDs may be 
formed on a block copolymer. Thus, if other irritability radicals are introduced into beta-CDs of the poly 
rotaxane, it will be imagined easily that change of the stimulus responsibility in the state of aggregation of 
beta-CDs is attained in physiological temperature (37 degrees C). Development of a molecule piston is 
attained from this thing using the molecule piston using the poly rotaxane, i.e., the poly rotaxane which 
performs migration which met the block copolymer to the stimulus which has beta-CDs in it. 
[0020] 

[Effect of the Invention] As stated above, unlike micro-izing of the structural material from the former, by 
controlling reversible migration of beta-CD using the characteristic supermolecule structure, the poly 
rotaxane of much beta-CDs, and PPG and PEG which consists of a block copolymer, respectively can gain 
micro driving force (molecule piston function), and can apply it as various micro machine components. 
Furthermore, since it is metabolized and absorbed in a body by making an end group into biodegradation 
nature, positioning of a medical-application micro machine material is reformed completely, and it is 
expected that an innovative advance is brought to micro machine development in this field. Moreover, the 
use as a sensor is also expected based on the sensitive stimulus answer capability. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




DESCRIPTION OF DRAWINGS 




[Brief Description of the Drawings] 

["Drawing 11 The related Fig. of the light transmittance by the temperature change of the poly rotaxane of 
an example 1 

[Drawing 21 The related Fig. of the light transmittance by the temperature change of beta-CD of an 
example 1, and the ciathrate compound of a block copolymer 

[Drawing 31 The mimetic diagram of the molecule condition by the temperature change of beta-CD of an 
example 1, and the ciathrate compound of a block copolymer 

[Drawing 41 The related Fig. of light transmittance to the temperature change of the poly rotaxane 
suspension object of an example 1 

[Drawing 51 The related Fig. of light transmittance to the temperature change of the ciathrate compound 
of an example 1 
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